HELIANTHUS LAETIFLORUS AND 


HELIANTHUS RIGIDUS 


HYBRIDS OR SPECIES? 


Sarah Clevenger and Charles B. Heiser, Jr. 

The identification of perennial sunflowei’s has lon^ been 
a persistent source of difficulty, I'esulting in a large part 
fi’om the blurring of species lines by hybridization. Through 
field and experimental studies, it has been established that 
interspecific hybridization between diploid menibeis of the 
genus is common (see Heiser et al., 19fi2, for references). 


In the present paper four hexaploid taxa, Heliantiuis laeit- 


flo 


Pers., H. rii/idm (Cass.) 



H . s'Uhrhonihoideu s 


do 


Rydb. and H. fuberosv,<; L. are considered. 

Although H. tuhcroi^us has been accepted as a species by 
all who have worked on the genus, the other three taxa have 
been treated in a vai’iety of ways. Watson (1929) lecog- 
nized H. lacfifiorus and H. ri(/idi(s as distinct species and 
considered H. >>uh}‘h(f))ihoid(’t(s, a synonym of the lattei , he 
also described two new si)ecies, H. siihcrbm and H. srverus, 
which we feel should be referred to H. Icto1 1 jlot . heinald 

(1946) recognized but a single species, H. Imd 
treated rmidus and suht'booiboidous as varieties. CioiiQuist 
(1952) accepts but a single species, H. Iaetiflorm, and recog¬ 
nizes no varieties. 

W'e would like to extend thanks to the curators of the 
following herbaria I University of Ai’kansas, Duke Univei- 
sity. Gray Herbarium, Michigan State University, Missouri 
Botanical Gaixlen, New Yoi-k Botanical Garden, University 
of Wisconsin, and the United States National Herbarium. 
The disti-ibutions shown in the maps have been compiled 
from the s])ecimens in these herbaria and the ones at Indi¬ 
ana University. We would also like to thank Pi of. J. Lean- 


Museum 


furnished us with the photograph of the type of H. laeh- 
■us. Type material of H. subrhomboideus in the herbari- 


flo 
um 


York Botanical Garden has also been ex¬ 
amined, but we have not yet been able to secure authentic 
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sini’s original dosci-iptioii. A grant to the 


senior author 


from the American Philosophical Society made it possible 

to examine ceitain Kuropean types. This I’e.search was also 

aided by a gi-ant from the National Science Foundation to 
the junior author. 


niSTRir.UTiON : HeJianthus sithrhomhoideus (Fig. 1) is a 

d in Canada from Alberta 
east to Quebec and extending sontli 


) 


vestei-n Texas and New Mexico. Helianfhus r if/id us (Fig. 
is found in the centi’al United States and in the northei’ii 
and western j)oi‘tion of its range is symi)atiMC with the pre¬ 
ceding species. These two species may be found occasionally 
in the eastern United States as adventives or esca])es from 


cultivation. 


fifio 


(Fig. 3), has a 


scatteied distribution in the centi'al United States wiiere it 
is usually associated with lK)th //. rigid us and H. tuberosus 
and has a spotty distribution in the east, where it has been 

Yl* i 'V 


laetifior 


Main 


eating that they came from members of a single clone. The 

last species, H. tuberosus, (Fig. 4) has a wide distribution 

in central and eastern North America, broadly overlapping 

the areas of the previous two species, and extending into the 

1 ange ot H. subrhoniboideus in the north central states. In 

general, it grows in somewhat wetter habitats than do the 

others. As the “Jerusalem artichoke,” it has been widely 

cultivated and since it also readily escapes, it is practically 

impossible to determine its prehuman disti*ibution. All of 

the.se species repi*oduce vegetatively from rhizomes oi- tubers 

and ai-e quite aggressive, frequently bcoming esUiblished as 
escapes. 


MORPHOLOGY: In their extreme forms, the roui- taxa con¬ 
sidered hei’e are (piite distinct, but intei-gradations are fre¬ 
quent in nature. The principal features of each are given 
in Ttible I. Many characters, such as leaves, are extremely 
\ai iable and, hence, it is difficult to g’iv’e ])recise measure¬ 
ments. The i^hyllaries (Fig. 5) seem to offer the most stable 
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I'i^uiH* Loa\’(‘s and phyllacies of Hclitntlhii.'i .'illhrllt^■))lll<^i<l(‘n^< (A) 

fi’otn Nciscr .1111; H. rijiithi^t (H), Stri/fi-nKirk DOili: H. hiclijlorus 

H.), Jin’ll in/(/ liir)/,; and H. t uborosus (D), Oirnhcif llim. l^caves, 
X 2 5 . I'liyliari(‘s, slijihtly (.‘tdaryvd. 


(lifii.K CIS, and pci'haps arc* ot the ji’rc'utest x’ahic* in deliinil- 
in^ the taxa. 

From the table it can be seen that //. snhrhoniboidcus and 
II. fnhrr<).'<i(.'>- represent the extivmes. Hdianthii.s lacfifloni.s 
li<is no uni(]iie features and is larjrely intc'i’nu-Mliatc* between 
II. rifiKhi.^ and H. fnhcro.'ois. HcJiunthns ri</i<lii.s, on the 
other hand, approaches eithei* II. ^nhrhomho}dvus oi' H. larl- 
iil<>rii..'< or is int('rmediate l)etween them. A scattei- diagram 

( Fi^-. (i), based on herbarium material, illustrates this situ¬ 
ation foj- phyllary lenjilh and leaf lenj»-th. 

Ariifinai Hybrid.^: Reciprocal hybi-ids, excepting the 
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PHYLLARY LENGTH IN MM. 

I I P I I I I P I I ' 



combination, H. sid)ihotHhoidcHs X H. lucf ijioria, liave boon 
made involving the lour taxa discussed above. All of the 
hybi-ids ol)tained wei’e vigorous and fertile and largely in¬ 
termediate moi-pliologically with the exception ot those so 


indicated below. Hybrids have also l)een made l)etweeii 
sister plants and between different races of H. subrliom- 
hoidcus and H. Iidx't'osits, and all gave progeny closel.v 
resembling their parents. Since all of these species are 
normally self-incom|iatil)le, it has been impossible to obtain 
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TAin.E 1 

COMPARISON OF’ CF;RTAiN MORPHOLOGH’AL F'FJATI’RF’.S OF 

FOUR in:XAPU(»II) sunflowkrs 


Tuber 

H. suhrhonihoidc 

7/.S- H. rijjidiis 


H. tuherosus 

lacking 

lacking 

occasionally 

present 

frequently 

present 

Stem 

usually simple 

simple to 
branch(*d 

branched 

branched 

heiR'ht 

0.5-] .0 m. 

0.8-2.0 ni. 

1.5-2.5 m. 

1.8-2.6 m. 

Loaves 

opposite 

oi)posite to 
alternate 

upper 

alternate 

upper 

alternate 

surface 

scabrous below 

scalirous 

below 

scabrous 

below 

glabrous to 
pubei'ultMit or 
tomentulo.se 

below 

length 

5-12 cm. 

8-27 cm. 

12-25 cm. 

14-23 cm. 

color 

grey-gieen to 
light-gi’een 

grey-gi’een to 
light-green 

^’'I’ey-^i-een to 
dai'k-^reen 

<lark-green 

shape 

linear to rhombic 
or ovate 

lanceolate 
to ovate 

lanc('-ovale 

lance-ovate 
to ovate 

petiole 

very short 

% 

short to 
nu'dium 

medium 

long 

P<*(luncl(‘S 

long, leafless 

long, lu'arly 
leafless 

medium long with short, lejify 
reduced leaves 

Pi.sk-flowers 

dark, I’ed-brown 

red, rai’ely 

predominately 

yellow 

yellow or only 

• « 

slightly r(‘d 

yellow 

IMiyllaries 

tightly appres.sed 

tightlv 

appressiMl 

aj) pressed 

loo.se, .sometimes 
I'ellexed 

shajie 

l)ul)esc(‘nco 

elliptical to 
oblong-ovate 

oblonj^-ovato 

oblong- 

lanceolate 

lanc('olate 

margin 

conspicuously 

ciliate 

corispicuoiKsl y 

ciliato 

conspicuously 

ciliate 

inconspicuously 

ciliate 

surface 

glabrous 

glabrous 

glabrous to 
jiube.scent 

frequently 

pubescent 


shoi-ter than disk 
5-10 mm. 

tliaii 

disk, 0-12 mm. 

equalling the 
disk, 5-12 mm. 

longer than 
disk, 11-18 mm. 

seifs. 

The small population size of most of the hv 

m 

brid noDU- 


lations resulted from failures of seed ^'ermination wliicli is 
not uiicommoii amonj*’ pei'eiiuial sunflowers. Ilei’barium 
specimens of the pai’ents and repi’esentatives of the h.ybrid 
l)opulations are dejyosited at Indiana University. 

H. HubrhonihoideuK X H. fubrrosu,^ (P29x P59). The 15 
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reciprocal Fi’s were larg'ely intermediate, but with a leaf 


H 


H. laetino 


were 


‘US. Seventeen F-.. plants 

■ Mm M M 'V—^ ^ W « 

secured which showed a variety of leaf shapes ap¬ 
proaching, but not reaching the parental types. All had 

phyllaries similar to H. laefifloru.'^ ar ' ’ ' " ‘ ' 

able pollen varied from 70 to 95%. 


Most 

tiflor< 


s 


had they been 


collected in the wild. Meiosis in the F, showed mostly pairs 
with a few multivalents, which is similar to the pairing 
found in the parental species. An F, generation between 
P29 X P21 gave plants essentially similar to the above. In 
an F,- of 29 plants of this combination most of the plants 
were nearer to H. although some bioad leaf and 

yellow disk segregation appeared. Thirteen of these plants 
showed considerable weakness and died befoie matin ity. 

H. .'^uhrhoniboidcu.'^ X H. ri{(i<lu.<^ (P79 x P147A). The 
seven F/s were for the most part intermediate in morpholo¬ 
gy and fertile. 

.s X H. tubrro.ms (P147A x P21). The three F, 
plants obtained were intermediate except for the leaves 
which were nearer to those of //. fuberosus. These plants 
were all fairly g’ood matches for H. Idftiflo'ms. An F^ of 
plants was grown and these wei'e similar to the F| plants 

or closely approached H. f ubcro.'^u.'< in appearance. 


H. ri 



H. ri 


do 


The F, gener- 


ation of twenty plants was fairly uniform, and the plants 


H 


uncles and variations in leaf shape and size. 


H. ri 



.s 


do 


Seeds for both 


of the parent plants came fi‘om the same population in 
White County, Illinois. Only three F, plants were obtained. 
Two of these were veiy similar to P147A, but the third hiul 
yellow disks and leaves resembling those of H. fnberosus in 
shape. In a second cross (P147 x Arl) all of the 14 plants 
secured were more like the H. nfiidus parent but one plant 
was completely stei’ile, two showed low pollen stainability 
(45 and 59%), and thi-ee were quite weak. A third combi¬ 
nation (N3 X 147A) g’ave 11 ])lants which while snowing 
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S()iiU‘ plant to plant variation essentially similar to //. 

rif/idiis luu] wei’eall fertile. 


II. X H. I((( f itloi Ks (P1-17B1 X 2). Althouji’h 

this cross was made sevei'al times, only one seed was ever 
obtained. The plant .secured from it was nearly sterile anti 
had leaves I’esemblin^’ II. fiilx’>(>.'< n.'<. but with shoider pet¬ 
ioles and a dtmse pubescence (piite mdike tha.t found in any 
of the species nndt'i’ considei'ation hert*. It is unlikely tiiat 
contamination could have occui i’t'd, and mo»‘eover it is (iilH- 
cult to visualize any si)ecies that could have crossed witli II. 
!<((•(ifforiis to produce such a hybj-id. It is i)ossible that the 
|)lant i’ei)resents a type of recombinant which is not success¬ 
ful in the wild. Mort' than 50 seeds were obtained in a cro.ss 
involving’ two different accessions of H. hictitUx-u.'^ (No x 
Arl) but oidy oiu' seed <:^ei'minated giving rise to a fei'tile 
plant, aiiproaching II. rinUlux in ap|)eai ance, 

II. lit (’I I flat a.s X II. f (PTITB x F’22), Thirty- 
seven F/s, wi'i’e secured, all of which apj^eai’ed vei*y similar 
to the H. fidn'rosN.s pai’ent except foi* the slightly shorter 
phyllai’ies. Some of the plants showed I'eduction in seed set 
when intercrossed or backci’ossed, but when ojam pollinated 
g'ave good seed set. Fifty Fj |)lants were grown which gave 
seg-regate-> appi’oaching the pai-ental types as well as the 
plants similai’ to the' F,. A second cross of thc'se two sj)ecies 
(H 108 X Ai‘l) gave only live seeds, one of which getaninated 
to give 1‘ise to a plant with 92pollen stainability and show¬ 
ing .some features of both i)ai'ents. 

These cross(‘s indicate that hybrids inv'olving these foui‘ 
taxa are I’eadily obtainc'd, and that with the excejition of 
certain ci'osses involving H. hirfifJorus ai*e fertile and vigor¬ 
ous. Moreover, it i.s clc'ar that. hv’brid.>5 Pptw’ppii // 


.^'ubrhonih()i(l( !(.'< oi‘ H. rif/idx.^ with H. give i)lants 

resembling H. laetifioni.s. It is unfortunate that moi-e hy- 

X H. lactitiorus were not secui-ed, but 
it does appear significant that neither of tlu‘ two plants ob¬ 
tained from this ci’oss resembled their parent. 

PROGENY tests: P08. H. lacfifionis. Three plants were 
secured which showed considerable variation, particularly 
in regard to Ic'af shape and size. Plants of H. Awhc/ o.sy/.s ai-e 
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known to occui* in the area and could have served as the 
pollen parent. 

LI. The parent plant was somewhat intermediate be- 


H. tuberosus and H. lueiifio 


One of the three olf- 


esembled H 


H. tntx’rosus. 

L2. H. laetifiorm. The 11 offspring iiroduced little pollen 
but the stainability ranged from dO to 90% with a mean of 
79%. The plants all showed various combinations of char- 


H. laefitto 


Although the pollen parent is unknown for all of these 
plants, they are of significance in showing either that natur- 

A « ■ A m 


laetiflo 


DISCUSSION : Although the four hexaploid sunflowers, H. 


,siibrh()ni})oideu>>, II. 


tifto 


stis, are quite distinct in their extreme form, they intergrade 
so freely that it is difficult to describe limits to these taxa. 
This blurring of the species boundaries could be ex])lained 
by natural hybridization, and it is possible that two of the 

^ ^ ^ mm 


H. laetiflo run and H 


H. laetiflo 


represent Pj nybrids or hybrid derivatives of H. tubeeosiOi 
X H. )-i</i(lu}< (oi' perhaps H. .'otbrhooiboideu^). The evidence 
for this conclusion rests on the following; (a) H. taetiflorus 
has no unique characters, but combines various features of 
its putative parents; (b) ai'tificial hylndds between the post¬ 
ulated parents can be obtained and would be classed as H. 



rui-t: 


laetiflo 


from seed; and (1) this taxon is generally found in areas 
where the two sujiiiosed parents grow. The species was 
described in 1807 from plants grown in Europe, and al¬ 
though only one of its putative parents was known there at 
this time, we nevertheless feel that it is most likely that the 

type is based on a hybrid (Heiser, 1960). 

Helianthus rigidus might be postulated to have a hybrid 
origin from H. sub rhomboid eus X //. tubevosus. Helianthus 
rigidus shows no character which could not have come from 
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the supposed parents, although it does occur in areas outside 
of the range of one of the “parents” (Fig, 2). If it were to 
have oi’iginated fi'om introgression of H. f ubcroHUs into H. 
subrhoniboideuh', liowever, selection for certain introgressive 
types might have resulted in constancy and the introgres- 
sants might have been able to invade new areas or effectively 




I’eplace H. KubrJianiboideus. 

Since the species are all polyploids, certain other explana¬ 
tions for the intergradation must be exploited. Although at 
])resent we cannot definitely identify all the diploid |)i’ogeni- 
toi’s, it is likely that the hexaploids ai'e partly or entirely 
allopolyi)loid in origin. Kostoff (1939) on the basis of analy¬ 
sis of the hybrid between H. (unnius and H. fitbcromi}^ ha 

suggested the genomic formula At! Ati A,o At 2 H* H,, 
tnhcrosus with the B genome being nearly homologous with 
i\mt of H. an The \. genomes could come fi'om one of 
the three closely related tetraploids of the easteiai United 
States, H. hi.n^nins, H. nnnoxus, or H. dnca pa fains which 
themselves may be of alloploid origin (Smith, 1961). Most 
hybrids of the di|)loid perennials exhil)it good paii’ing 
(H eiser, cf al., 19h2) which could account foi* the similarity 
of the two A genomes postulated by Kostoff foi* H. fnbaro- 
svs. Let us therefoi'e, foi' the present study, assume a gen¬ 
omic formula for H. fnberosns of A,A,A,.A.;BB. Halunifhns 
hud i floras might conceivably be AoA,.A.,A;,BB ; H. rigid ns, 
AjA.iA IA ,BB ; ami H. sabrliomboidnis A|A,A,-,A,-,BB, whei'e 
A,, A.., etc. represent genomes fi'om closely rt'lated pej-cui- 
nial diploids. Such a hypothesis would ex|)lain the essential¬ 
ly geod j)airing and interfertility between all the hexai)loid 
si)ecies as well as the morphological similarities and dilfer- 


eiices. 


Segi’egation in such p()lyj)loids might give results re¬ 


sembling interspecific hybridization. Stt'bbins (1950) has 
pointed out that segmental allopolyi)loi(ls, in conti-ast to 
strict alloploids, may give segregates ajiproaching one oi* tiie 
other of the parents. Smith (1901) found i)lants of the 
tetraploid H. sirnntosns ai)parently showing inti-ogi-ession 
from H. Iiirsnfns, exaai though the lattei- did not grow in 


1963] 


Helianthus — Clevenger & Heiser, Jr. 


131 


the same area, and he suggested the possibility of allotetra- 
ploid segregation. Although we have no evidence that 
polyploid segregation is occurring in the hexaploids, it 
nevertheless offers an alternative hypothesis to interspecific 

hybridization. 

It is, of course, feasible that we may have various combi¬ 
nations of the possibilities discussed above — part of the 
variability may result from allopolyploid segregation, part 

from hybridization. Considering all the iiossibilities, how- 
_ _ i-i. ;o roivUr <vnnr1 pviVlpnt'P that H. laeti- 


//o/m’ is a hybrid. On the other hand, while H. rigidus may 
owe its origin to hybridization, we do not feel that any defi¬ 
nite decision can be reached at present. 

In regard to taxonomic treatment, this group of taxa 
offers certain difficulties inherent in many plants oi poly¬ 
ploid origin which have no barriers to interbreeding. Hcli- 
diit' us fubo'osus, in spite of some intergradation with othei 
species, deserves recog’nition as a species. On the othei hand, 
if Jacfiflot'us is a collection of hybrids oi' hy’^biid deiiva- 

tives, it does not deserve designation as a species. Althougii 

are ojiposed to giving distinct names to 


in general, we 
hybi-ids, in the case of a well established binomial, it is 

perhaps best to continue its use with indication that it is 
a hybi-id.' The authors are not in agreement as to the treat¬ 
ment of the other two taxa. One feels that H. suhrhouihoid- 
eus should be treated as a species and H. rigid us as a hybric*, 
whereas the other thinks that they should be considered 
races of a single species. If the latter course is ado] 
snihrhoiiiboideus becomes a subspecies of H. rigidus. 

SUMMARY; The four hexaploid sunflowers, H. subrhom- 
boidcus, H. rigidus, H. Uu tifiorus, and H. tuberos-us form a 
morpholcg’ical series with the first and last named sjiecies 
representing the extremes. Artificial hybrid combinations 
/xf .ill iiio «ntir*iA <5 pvfpnt. H. subrhoiiiboidrus X H. hictiHorus, 


H 


were largely fertile. Certain of the hybrids of H. fubrrosus 
X H. subrhomboidrus and H. rigidus strongly resemble H. 


'The name then l)ecomes H. x Un'lifioi’sx Pers. (pro. sj).) Syn. 2: 


476. 1807. 
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tahlp: II 

SOl’KCH OF IM.ANTS OSKI) IN TIIK CKOSSKS AND I’ROOKNY TKSTS 


tuber Xiittii 


Arl 
11-108 
lA 
L2 
N:5 
I *21 

r2!) 

I *59 


/■/. Ia< tijlonis 
H. titlx ritsKs 


Litcdlil!/ mid Collector 

Cult. Moufoo Co., Iiid. (Hei.ser) 

I);ii ke Co., Ohio ( R. T. Nelu'i ) 


H. Itteliflttritx-lnherorit^^ Auhufii, Mass. (R.N. Gatos) 


//. ItielilloniK 

m 

//. Idetijlonis 

H, t iihc 

H. stihrlninihofih'tis 
H. tu herosHs 


Vi\S 

P71) 


//. laet ifhn'Ks 

//. x// hrif <> mhoidi' //,x 


ri47A //. ri(iiih(i< 


IM47H 


H, Idctillon(}< 


Woi’coster, Masis. (IS. N. Gatins) 
Wliite County, Ind. (Heiser) 
Volk Co., Iowa (Heis(M’) 

Cass Co., N. I>. ((). A. Stinons) 
H(‘iuie|)in Co., Minn. 

(Gerald Ownl)ey) 

Cult. Mojiroe Co., Ind. (Heiser) 
Lawivnce Co., Ind. (Heis(‘r)’ 
White Co., Ill. (HeiscuO 
W’hite Co., Ill. (Heisei’) 


l(iefifJonis. Oil the basis of the study of moi*i)holoj>y, ji’eo- 
R'rapliical distfibution, and the hybiMds, it is siig’gested thtit 
H. is of liybrid orijiin and tliat H. rit/idits iKtssibly 

Fepresents an intFO<»ressant. On tlie other liand, it is also 
])()ssible that allopolyploid seii’regation is occurring' in these 
species giving* results suggestive ol hybridization. 
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